Measurement based assessment
of aerosol radiative forcing

MODIS level 3 (1°x1°) daily, monthly,

measures: Consistent
- agt (5 50.nm) calculations
- distribution of the AOT among 8 models: of solar
R.+=0.10, 0.15, 0.20, 0.25 pm - fine aerosol

e reflected
Reg= 1.0, 1.5, 2.0 um for sea salt flux at TOA

R.= 1.5, 2.5 pm for dust



Small particles:

Aerosol Mode Is ”Di dier2”

1=0.47-->0.86m m 1=1.24mm I=1.64mm 1=2.13mm Io S Teff comm ents
1 1.45-0.0035i1 1.45-0.00351 | 1.43-0.01i 1.40-0.0051 | 0.07 | 0.40 | 0.10 Wet W ater
Soluble type
2 1.45-0.0035i1 1.45-0.00351 | 1.43-0.01i 1.40-0.0051 | 0.06 | 0.60 | 0.15 Wet Water
Soluble type
3 1.40-0.0020i1 1.40-0.0020i | 1.39-0.0051 | 1.36-0.003i | 0.08 | 0.60 | 0.20 Water Soluble
with humidity
4 1.40-0.0020i 1.40-0.00201 | 1.39-0.0051 | 1.36-0.0031 | 0.10 | 0.60 | 0.25 Water Soluble
with humidity
Lar ge par ticles:
1=0.47-- 1=1.24mm I=1.64mm 1=2.13mm r N Toff comm ents
g e
>().86mm
5 1.45-0.00351 | 1.45-0.00351 | 1.43-0.0035i 1.43-0.00351 | 0.40 | 0.60 | 0.98 | Wet Seasalt type
6 1.45-0.00351 | 1.45-0.00351 | 1.43-0.0035i 1.43-0.00351 | 0.60 | 0.60 | 1.48 | Wet Seasalt type
7 1.45-0.00351 | 1.45-0.00351 | 1.43-0.0035i 1.43-0.0035i1 0.80 | 0.60 | 1.98 | Wet Seasalt type
8 1.53-0.003i (0.47) | 1.46-0.000i 1.46-0.0011 1.46-0.0001 0.60 [ 0.60 [ 148 Dust-like type
1.53-0.0011 (0.55)
1.53-0.000i (0.66)
1.53-0.0001 (0.86)
9 1.53-0.003i(0.47) | 1.46-0.000i 1.46-0.0011 1.46-0.0001 0.50 [ 0.80 [ 2.50 Dust-like type
1.53-0.0011 (0.55)
1.53-0.0001 (0.66)
1.53-0.0001 (0.86)




radiative effect (mezj - 24hr average
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Aerosol direct radiative forcing

Classification of aerosol to natural
and anthronoaenic
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Selection of meteorological conditions
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of aerosol optical depth
(OD). The cloud fraction
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with increasing OD.




Forcing Up at TOA (W/m?)
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Impacts:

* slowing Greenhouse warming of the surface
« warmer, higher, more stable boundary layer
 smaller boundary layer cloud fraction



+ COTice .
——Fffice (um) --a-- LRI
— -ind speed TI0 mb &) 10
: | | | \;l\lh | | | | | | |
29 _ T i 1&
couditop temperature <265°0
og LoSekhed August AE-E0n, 30 B ]
5 I 46 2
: " &
g 18 [ g
r - 1]
10 S -
f.l.
FoSr e T Ja
5 ; "
L‘“u,c-th'f"
1] 02 0.4 06 o0& 1
ACT
* CFIOf-fr nater
——Heff water
—-wind speed 750 mb --=-- CLFR water|
1= — — 7 T — r T
[ doud fop tempgrature =280k 1
r-Sahel fugust, I05-30M, 30E-43W
25 [ - 1
L . a0
20 [ S § : y 2
= i o 180
m -
g ZM*--._ * 1 =
E 12 i
- e, ] g
5 [ 4 140 =
10 f A : #
- - r -
AL ]
a e oeimm s i s -7 12
.  had B
I T T ST W |
o™ Sabel Aug |
ol o

o 02 04 06 08 1
AOT



parameter

paramater

+ COT i .
——FEff ice (o) --a--CLRice
— -ind speed TI0 mb &) 10
:. | | \;l\lh | | | | | | |
29 _ T i 1&
couditop temperature <265°0
on [ Sabel Aagust 0ES-E00, 50 B a5 ]
' s B
i . a
15
3 Lac AT 14 ;
10 Lo g
L
FoSr e T Ja
9 : g
L‘“u,c-th'f"
0 0.2 0.4 06 0.& 1
20T
s COTwater —_Reflvater
_.,.Eiﬁﬁ ”S"E‘é"!d 50 mb --r-- CLFR water — - 3. "%Wind 300mb [mis)
— | =y — & =W Nind 900 b [rnfs) |--~rh-CLFF!waler
[ doud fop tempgradure =230k 1 30 . o0
r- Sahel “.ugust, 0E-30M, S0E-49W 1 [ -
20} : S A o | East USiLat 30 45 Lon -50 -70
o0 L ’ -:F-'-l . ] E '15
C ; ] T ARk
M K 160 g 20 [ denarog - o
15 | hec S ] 5 'E e b """"'----._1__'_‘ E
s "y Jao B i o {10 8
10 Fo ot j B A0 for i i
>l ] = IR L A B £
ool omt s 0 o o7k 1 5 Fogdtind. ol el
:‘I.'_ﬂ—"k‘h—h-\_\k__‘_.-"_’-h ] _:_I o 15
o Satel g | g N
(1] S T S SR S I 0 pirbmehieg g
a 02 04 06 08 1 F =T
AOT e TSPl



parameler

parameter

+ COTice .
——Reffice (um) --a--CLFR ice
—-wind speed 750 mb (mis) 10
c/”"&a\ i
25 v)\v-.,_“_ ]
-‘--‘-""0 — 8
cloud top temperature <2 65°K ]
20 cahel August 105-300, 30E45W ]
ls &
: g
15 g
o dm s - 44 ;
10 F "r'-"
L3
"
et v * e 12
5 i
A
M, e S e ]
Q 02 04 06 08 1
AQT
o COT water : %C%T w?ter
—_ i EliE -—- i —— =0 wind <265
i Spbes 70 mb v CLFR water | 15y i o (/<) (ol waeT] OIS T gq,g265K ——SUIT Wind275-280
o - —a - W WInG B00mib (mds) | [--v--CLFR watsr — — -CLFR water 578k <T cloud{QSOK —a— Pl waler <265
R et Ty CHLgRY i ' ' I R
-Sahel August, , BOE- C ]
25 e : 1 80 o5 F EastUS Lat 3045 Lon -50 -70 1 40°-60°8 all 1011%,,4’- 0
: : 08 . PURPIPAL o A 5
L . T oEnkK 115 T s E
20 : a 20 ¢ b i E a J" 125 a
- [+ - x _ =
f““‘\ {,“ 460 E = :Mhﬂ-.q,_..n.,_“__ s EE 06 ’/ ) =
15 %\.‘___ ¥ a 5 15 . ,"f 1 EE -.___———’.—"‘-h s 1 o0 %
| o i G g £ | o 88 [pc &
¥ " lao % 8§ 10 oo o 1 B2 e Wi 2 1 3
K a—?. [=1 N . LeF e . . ’-ég 04 . e S =
10 -« P - = : 4 A a
I 5 Frudtindfo 2 ’,""‘#74 10 @
PR e &+ 5 - _ - : . : 1
4] ;{_;: Y ] ln - L) . ,-"J= 420 :.l—(/ i 0o o~ / . &i
‘,*ru—fl--n—L,_‘___k_f”'t ) 1 _I"H‘“‘l-_‘\-,__‘,__—l 1 "’_‘-‘/ l : o . 14 =
B Sahel Aug : _ ] . . -
0 L L L L R N S B : ) - .
0 02 04 06 08 1 2 0 ol L i

a 0z 04 06 0s 1
ACT AOT

01 1

Aerosol optical thickness



AOT Ocean - August 2003

0.15 0.18 0.20 0.23
0.11 0.23 042 0.11
0.09 0.13 0.17 0.11
0.10 0.12 0.13 0.11

A

Broken Cloud fraction ' T!h j 7

0.52 047 034 0.49
042 040 052 0.39
0.34 0.44 0.43 0.38
0.54 0.56 0.58 0.55

Correlations with aerosol AOT

CORRELATION of ice cloud cover CORRELATION Reff ice cloud
<265 0.84 0.87 0.96 0.80 <265 0.75 0.79 -0.24 -0.92
0.8 0.91 0.57 0.64 G.73 -0.1 -0.81 -0.96 -0.94 -0.94
0.90 0.85 0.49 0.80 0.84 -0.88 -0.93 -0.54
0.90 0.90 0.94 0.94 0.92 0.82 0.37 0.65
CORRELATION of water cloud cover CORRELATION Reff water cloud
>280 0.71 0.89 0.86 0.63 >280 -0.78 -0.83 0.26 -0.60
0.9 0.98 0.98 0.99 0.99 -0.5 -0.76 -0.97 -0.93 -0.93
0.99 0.99 0.98 0.81 0.83 -0.85 -0.92 -0.95
0.96 0.95 0.96 0.97 0.64 -0.87 -0.97 0.87

Correlation of 0.2 1s 95% significant, 0.55 1s 9% significant



Change 1n cloud properties for a change
in AOT from background (0.06) to the

average value

Range of cloud
top tem perature (K)

v

<265 Aerosol OT

<265 % change in ice cloud OT ¢

0.19 0.23 0.24 0.22 0.25 | 0.5 0 5 -2 2
0.16 0.26 0.35 0.14 | — 5 -7 17 -1
0.13 0.15 0.18 0.13 1 7 7 -4
0.15 0.16 0.18 0.15 -5 -4 -5 -6
>280 Aerosol OT >280 % change in water cloud O
0.15 0.09 0.16 0.22 0.2 | 2.6 2 5 -4 6
0.1 ©.22 0.47 0.09 | 2 3 2 2
0.08 0.13 0.17 0.11 4 1 3 4
0.09 0.1 0.11 0.08 4 5 1 3
<265 % change in Reff ice cloud <265 % change in ice water
-1.1 2 1 0 -1 | -0.6 1 6 -3 1
- -1 4 -8 1| 4 -1 9 -2
2 -3 -5 -1 2 4 2 -5
1 1 0 1 -5 -3 -5 -5
>280 % change in Reff water clo[>280 % change in liquid water
-2.9 -2 -2 0 -3 | -0.3 0 3 -4 3
0 -4 -18 -1 =/ 2 -2 -16 1
0 -4 -6 -2 4 -3 -3 2
0 -3 -3 1 4 2 -2 4




Correlation between the aerosol effect on cloud ice size and optical thickness

for 0-70°N Oct. 2003
Oct. 2003 aerosol effect on clouds
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